^^682881 


TRANSLATION  NO.  S' 7  ? 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 

Reproducod  by  the 

CLEARINGHOUSE 
lor  federal  Scienlilic  &  Technical 
Information  Springfield  Va.  22151 


. . 


682881 


The  ?oI  arorrraT^hic  Peter-Tlnaticn  of  the  Concontration  of  V/eak  Acids 
I.  A.  Korsh'JT.ov,  Z. B.  Kuznetzova  i  M  K.  Shcheiinikova., 

Zh.  anal,  rlnir:;,  ,  6  (2),  Jb  -  100,  1 551  ,  U.  £.  S,R. 

In  1.na  elecnrolyois  of  solur,ior.s  cf  different  acids  vdth  the  drornir.,'3 
...eroury  cathode,  in  nost  cases  of  the  hydroycn  ions  is  nccc.r.- 

nas.aed  ay  the  forrmtiori  of  diffusion  v.-aves.  For  veak  acids  in  v.hich  the 
dissc'-iaticn  is  loss  than  100^  the  ncvenicnt  of  the  ions  of  hydrOi;rc'n  to  th,e 
surface  of  the  cathode  occurs  because  of  the  diffusion  of  the  actual  i.y'.rogen 
ions  and  of  the  diffusion  of  undissociated  molecules  of  the  acid  already 
undergoing  dissociation  on  the  surface  of  the  cathode. 


For  strong  acids,  for  cxangjlc  hydrochloric  acid,  practically  the  v.tiole 
ctutrent  depends  on  the  diff-usion  of  hydrogen  ions,  as  a  result  of  vdnich 
direct  proportionality  is  maintained  bet\'/oen  the  current  and  the  concentration 
of  the  acid.  For  v/eak  acids  both  co.viponents  of  the  diffusion  current  may  be 
commensurate  and  therefore  it  is  necessary  first  of  all  to  determir.e  whether  a 
linear  relationship  is  .laintaincd  between  the  concentration  of  the  acid  and  the 
diffusion  current.  The  authors  examined  the  reduction  cf  a  number  of  satui'a- 
ted  mono-  and  dibasic  acids,  aromatic  acids,  amino-acids  and  certain  sulphxamidc 
compo'unds  possessing  acid  properties.  The  solutions  tested  as  base  electrolyte 
v;erc  0.1N  and  ■'.ON  hydrochloric  acid,  Q.1N  and  1.0N  solutions  of  potassium 
hydroxide,  0.1N  solutions  lithium  siilphate  and  chloride,  0.1N  potassium  chUoride 
ai'.d  0. 05N  and  0. IN  solutions  of  tctramcthylammonium  iodide.  In  ‘"hose  cases 
where  the  acids  examined  were  soluble  with  difficulty  in  v/ater,  alcoholic 
solutions  v/ero  initially  prepared  and  introduced  into  an  electrolyzer  containing 
one  or  another  compo’und  as  base  electrolyte.  The  concent:rations  of  the  acids 
examined  varied  from  1  to  30  m  lyi.  iOLl  measurements  vrere  made  in  a  thermostat 
az  a  temperature  of  25  t  0. 2°C.  The  potentials  v/ere  measured  v/ith  reference  to 
tne  saturated  calomel  electrode.  Dissolved  oxygen,  in  cases  v^iere  it  interfered 
v.'i'ch  the  measurements,  was  removed  by  blo’.ving  a  c'lrrent  of  electrol3rtic  hydrogen 
thiTough  xhe  solution  being  analysed  for  !5  to  20  minutes. 

All  diffusion  currents  v/orc  measured  v-rith  a  cauillaiy  for  which  m^^^, 


As  a  rc'/’uit  of  the  experiments  carried  out  it  v/as  established  that  hydrogu-n 
waves  in  zho  v/eak  acids  tested  arc  not  present  v/hen  solutions  of  h.yurocriloric 
acid  and  potassium  hydroxide  are  used  as  iiidiffcrent  electrolyte. 

In  the  presence  of  a  considerable  excess  of  hydrochloric  acid  the  dissocia¬ 
tion  cf  the  ■weak  acid  decreases  to  a  negligibly  small  value  and  the  hydrogen 
v/ave  of  the  latter  is  covered  by  the  diffusion  wave  of  the  base  electrolyte. 

In  alkaline  solutions,  ovdng  to  neutralization  the  concentration  of  the 
hydrogen  ions  and  also  of  the  free  acid  diminishes  to  a  very  small  value. 

Here  it  should  be  noted  that  some  anions  of  organic  acids  can  be  reduced 
at  the  dropping  mercury  cathode  in  acid  and  alkaline  solutions.  However,  the 
half-v/ave  potential  of  the  anion  as  a  rule  differs  from  the  half-v/uve  potential 
of  hydrogen  of  this  acid.  In  addition,  as  will  be  shown  later,  the  propor¬ 
tionality  coefficient  in  the  equation  relating  the  diffusion  current  and  the 
conceri'tration  during  the  reduction  of  the  anion  doos  not  depend  upon  the 
dissociation  constant  of  the  acid  being  reduced. 

According  to  the  experiments  carried  out  by  the  authors  the  half-wave 
potential  of  h,ydrogen  reduction  aepends  to  some  extent  on  the  chemic.vl  nature 
of  the  acid  and  the  concentration  of  ■the  latter.  At  the  same  time  the  half- 
v/ave  potential  of  hydrogen  in  all  the  acids  cxaiwined  is  displace^  to^vards  more 
negative  values  by  10-15  mV  for  a  15~20  fold  increase  in  the  ceu.ventration  of 
the  acid.  Only  in,  the  case  of  succinic  acid  does  the  half-wave  potential  of 
hydz'ogen  reduction  remain  constai.*/  and  eqvial  to  -  1,60  V,  irrespective  of  the 
acid  content  in  tlrie  solution  investigated. 
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'  Using  solutions  of  neutral  lithium  and  potassium  salts  c^nd  also 
tv,tra."'.c:tnyl-a.T:..:/.'dvni  iodide  as  bass  electrolyte  the  direct  nroporuionality 
,  bet\vcen  the  hydrogen  current  and  the  concentration  of  certain  acids  is 
maintained,  provided  that  the  concentration  of  the  latter  is  not  less  than 
■'.0"3  _  •■,0-^  ;,;/i. 

Furthermore,  tr  ■'  authors  did  not  observe  any  hydrogen  diffusion  currents^ 
for  very  weak  acids  of  which  the  first  dissociation  constant  is  less  than  10“'^. 

Better  shaped  v/aves  ai'e  observed  v;hcn  using  solutions  of  tetrasubstituted 
salts  as  iTidifferent  electrolyte. 

Figs.  1  and  2  give  some  of  the  plotted  polarograms. 

Table  1  gives  a  summary  of  the  acids  investigated,  the  half-wave 
potentials  measured  for  the  reduction  of  hydrogen  and  the  diffusion  current 
coefficients  calculated  by  graphs. 

Figs.’  3  -.7  the  straight  lines  for  some  of  the  acids  investigated. 

On  examining  tee  plotted  polarograms  and  the  gra"’uatcd  straight  lines 
drawn  according  to  -.hesc  polsurograms ,  it  was  noted  that  the  diffusion  ciorrenf 
coefficient  Kj  in  the  eqxiation; 

^-d  = 

where  i^.  is  the  diffusion  c\irrent  in  microamperes  and  c,  the  coucen’oration  of 
the  acid  in  laillimols  per  litre,  depends  on  the  firs'  dissociation  constant 
of  the  ac'd. 

TABLE  1 

Ealf-’^vave  -ootentials  of  hj'’dro_gc^  and  values  for  v/cak 
acids  in  0«05  y(CH’^')Ll^  as  base  electrolyte 


I 

Acid  ' 

I  ‘ 

Range  of  : 
Concentr.  I 
examined  ' 
in  m^^l  * 

Range  of  | 

variation 

%  ,  V  ’ 

1/2  ^  j 

Kd 

First  dissociation 
constant  of  the 
acid 

'  Formic 

1-10  ! 

1,74-1,85^ 

2,12 

1,77.10"^ 

j  Acetic  ; 

2-15  I 

1 ,76-1 ,86i 

,95 

1,75.10-2 

,  Isobutyric  ! 

3-25  I 

1,81  -1,87; 

1 ,64 

1  ,44.10“5 

i  Isovaleric 

L-27  i 

1,75-1,82: 

1,35 

1,7  .10“7 

i  Chloroacetic 

1-10  I 

1,65-1 ,71  , 

5,14 

i,d  .10-3 

,  Dichloroacetic 

1-5  ! 

1,55-1,64. 

4,25 

5,0  .10-" 

j  Trichloroacetic 

1-8  j 

1,57-1,68' 

4,55 

1,3  .10-; 

l  Oxalic 

1-8  ! 

1 ,66-1 ,80 

4,45 

5.9  .10-2 

;  Malonic 

2-1  ^  • 

1,69-1 ,74'i 

2,70 

1 ,49.10-3 

i  Tartaric 

1-8 

1,64-1,77! 

3,12 

1 ,04.10-3 

I  Citric 

1-6 

1,64-1, 77 1 

3,30 

8,4  .10-J*- 

!  Malic 

1,5-10 

1,66-1,74! 

2,85 

5,88.10”^ 

:  Pyrotartaric 

1-10 

1 ,80-’'.  ,86 ; 

2,44 

6, 70.10-5 

I  Succinic 

1-9 

1 ,80  ! 

2.63 

6,89.10-5 

j  Adipic 

2-11 

1,76-1,80; 

2,07 

3,7  .10-5 

(  Benzoic 

0,9-6 

1,56-1,72 

1,90 

6.3  .10-2 

I  Mandelic 

2-13 

1,70-1,78; 

2,2' 

1 ,4  .10-^ 

j  Gallic 

2-6 

1,71-1,73' 

2,33 

3.8  .10-5 

;  Phthalic 

1-11 

1,60-1,65 

3,22 

1,3  .10-3 

i  Salicylic 

1-9 

1,66-1,83. 

2,80 

1  ,06.10--“ 

I  Aoetylsalicylic 

1-7 

1  ,52-1,65-' 

2,0a 

- 

Anthranilic  *  *. 

3-20  ■ 

1,52-1 ,60 

1  ,40 

1,07.10-5 

^  Sulphanil ' c 

1 

1,54 

- 

6,02.  lo:''- 

'  Naphthionic 

2 

1,42-1,52 

* 

2,10-3 

j  Cinnamic 

1  ,8-7,2 

1,96-2,05 

1  ,92 

i  N-acet2^1sulphanilamide 

2,3-13,3 

2,16-2,20 

1  ,30 

4,2  .10'" 

'  Siilphathiazole 

2,0A-14,7 

1,66-1,74 

.1,21 

7,6  .10“° 

j  Sulphazolo 

1,4-4, 5 

1,73-1 ,66 

0,1  1 

1,6  .10-® 

j  N-sulphanilyl-sulphanilamide 

2,05-7,9 

1 ,70-1 ,86 

0,20 

1 ,4  .10“® 

i  SxuLphidin 

i  ^-2 

reducible 

- 

},7  .10-? 

j  Sulphanilamide 

1  1-4 

(1 

- 

3,7  .i0-'0 

I  Boric  Acid 

!  1-10 

I 

It 

1 

" 

5,7  .10-'^ 
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The  icr,  .r  tho  dissociation  constant  the  larger  the  diffusion  current 
coefficient.,  "  'Tiiis  difference  cannot  be  explained  by  the  change  of  thn 
diffusion  cceffic.icnts  since  the  latter  do  not  differ  significantly. 


■pro'i 
of  -;ho  ac 


ably,  the  increase  in  the  diffusion  current  v/ith  increasing  .strength 
i.d  is  linked  v/ith  an  increase  in  the  conccntraaicn  of  the 


ions,  the  IfOttcr  having  -a  greater  mot-i-iay  than  the  undissociatea  r.o_ecuj.os. 
For  sciutaons  of  tetrareth'ylaaKoniuni  iodide  a  siarale  rc.i-ationsnip  ex,^st3^ 
between  the  diffusion  current  coefficient  (K,j)  and  the  logarithjr.  of  tne  :irst 
■  Lon  constant  of  ahe  acid  taken  v/ith  the  opposite  .sign  (an)  -and  is 


aassoc: 
ex-pressed  by  the  eauai.ton; 


Kd  =  5.25  -  0.725  pK 


This  relationship  is  shov/n  graphically  in  fig.  5  with  auid  pK  as  co¬ 
ordinates.  Separate  experimental  values  obtained  by  the  authors  are  marked  by 
small  circles. 


It  can  be  seen  from  the  equation  and  the  diagram  that  the  polarographic 
dcterrrs.mtion  of  the  concentration  of  acids  the  dissociation  constants  of  which 
are  less  than  -  10"^  is  difficult.  For  such  acids  the  hvdrogen  ion  con- 

osntr  ion  in  the  solution  is  so  small  that  the  polarograpli*  method  becomes 
ins ’uf f ic ie nt ly  s en.s i ti.ve <, 


The  empirical  relationship  obtained  permits  a  solution  of  the  problem  of 
the  '.'lechanism  of  the  reduction  of  molecules  possessing  an  acid  character  and 
reducible  atomic  groupings. 

V/hen  the  diffusion  oui'rent  has  a  half -wave  potential  of  about  -1.6,  -"I.SV 
.and  is  in  conformity  v/ith  equation  (I)  the  reauction  of  hydrogen  can  be  assumed. 
Obviously  this  diffusion  v/ave  must  be  absent  when  solutions  of  strong  acids 
a:id  alkalis  arc  used  as  base  electrolyte. 


It  is  evident  that  in  the  reduction  of  the  anion  a  diffusion  wave  may  be 
observed  in  acid  or  alkali  media  and  should  not  depend  on  the  dissociation 
constant  of  the  acid. 

According  to  the  experiments  of  Neuman  and  Riabov  (I)  the  anions  of  some 
h.alogen-acctic  acids  give  diffusion  currents  of  reduction  even  in  alkaline 
solutions.  However,  the  half-v/ave  potentials  of  anions  have  a  somewhat 
sinaller  val.ue  than  the  half-wave  potential  of  the  cathode  current  of  hydrogen 
in  these  acids. 


The  authors  used  a  polarographic  method  of  analysis  for  quantitative 
dctvrmirmtion  of  the  concentration  of  a  number  of  medicinal  sulphamide 
compounds. 


The  re.sults  of  a  nuimber  of  quantitative  determinations 
sulphazole  and  sulphathiazole  ai’C  shown  in  Table  2, 

T/J^LE  2 

Results  of  cuantitat:vc  determination  of 

of  disulphane, 

sulnhmmidc  compounds 

! 

Substionce  ' 

1 

Cor»centration  | 

in  the  solution  ! 

in  ;!ul/l  ! 

Determined 
polarograph- 
ically  ! 

in  m,Vl  ; 

Relative  j 

error  j- 

in  %  t 

i  Disulphane  i 

2.05  ! 

2,"^0 

-2,5 

:  ; 

3,10  i 

5,05  I 

-1 ,7  ' 

4,20  ! 

4,15 

-1,2 

i,80  i 

4,7^ 

-1,3 

Sulohazole  ’ 

2,1  i 

2,15  i 

^2.4 

1 

2.7  ! 

2,73  i 

; 

4,0  ; 

3,89 

-2.7 

4,5  : 

4.40  • 

'2.2  i 

Sulpiiathiazole  ! 

2,52  ; 

3,98  : 

^1,5  ; 

' 

5,85  i 

5,80  1 

->,9 

i  ; 

7,45  ! 

7,55  ! 

-1,3 

' 

5,00 

9,05  I 

- T-— — — — 

+0,6 

ifcan  1  2,5 
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For  their  determination  the  authors  used  calibration  curves  constructed  by 
means  aC  standard  solutions.  In  addition,  the  diffusion  coefficient  can  be 
calculated  from  equation  (1)  if  sxifi’iciently  reliable  data  on  the  aissociacicn 
constant  of  the  acid  are  available. 

Equation  (1)  is  also  sxm. table  for  the  determination  of  the  first  dissocia¬ 
tion  constant  of  a  compound  possessing  acid  properties. 


Conclusions 

vms  found  that  weak  acids’ produce  diffusion  currents  of  hydrogen  with 
potentials  of  about  -‘>.6,  -1.8  V  only  in  a  background  solution  of  indifferent 
electrolytes. 

. 

fV'  ,  « 

2,  Between  the  diffusion  current  constant  of  hydrogen  and  the  dissociation, 
constant  of  weak  acid  there  is  a  relationship  of  the  form  =  a  +  b  log  K^,, 
which  may  be  used  to  calculate  the  dissociation  constant  of  the  acid. 

It  was  established  that  a  linear  relationship  is  maintained  between  the 
diffusion  current  and  the  concentration  of  the  acid. 
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Figures 

Fig.  1  Polarograms  of  solutions  of  acids  in  a  base  electrol-^'  C5n  (CK^)^M 

1)  -  acetic  acid,  concentr.  15  6  ml^^l,  st..u..  _  - -  i.4'V; 

2)  -  oxalic  acid,  concentr.  4.95  mJ.'/l,  s'*  .-ting  from  1,2  V; 

3)  -  citric  acid,  concentr.  7.5p  mI4/l,  starting  from  1,2  V; 

4)  -  phthalic  acid,  concentr.  9.3  ml^/l, starting  from  1.0  V; 

Fig,  2  Polarograms  of  solutions  of  N-acetylsulpheinilamide: 

1)  -  base  electrolyte  O.IN  (CH^)^NI; 

2)  -  concentr.  of  N-acctylsulphanilamide  2.3  irf'V'l; 

3)  -  3.6  ralV'l; 

4)  -  4.5  mVl; 

5)  -  7.2  mVi; 

6)  -1 3.4  mJV^l; 

Fig,  3  Calibration  graphs  for  solutions  of  some  acids: 

I.'ine  1)  -  Oxalic  acid: 

2)  -  phthalic; 

3)  -  adipic; 

.  4)  -  acotic 

5)  -  anthranilic. 

Fig.  4  Calibration  graph  for  N-acetyls'ulphanilomide  in  0.05N  (CH^)4NI  as  base 
eiootrolyto. 

Fig.  5  Relatioxiship  between  the  diffusion  curi-ent  coefficient  K<i  and  pK  for 
’Weak  acids. 
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Pile.  1.  ^on^y1o^pa^:^^t!  paernopon  Knc.ioT  nii 
(>110  0,05  N  (CHj)j  NJ: 

7  —  7HCy".:ic  i  krcjioti,  Koan.  !5.6  C'.’.'/.i, 
Ov  i,4  V;  —  DUBeaesaR  KRU/oxa.  lionxi, 
4,'ui  aaia.xo  ox  1.2  V,  J  -  aBMOnaan  lincnoxa, 

Houis.  T,ii  mif/n,  nataao  ox  <  J2  V;  #  — (^xaasMii 
HjicnoTt,  Kosu.  i.itaUia,  ut^ixo  ot  i.oV 


/ 

Pbc.  3.  ITonuporpaMMu  paerropos  N-«n<min- 

cy.ibi^HSjiaMiiAa: 

unnnaa  J  — (Jioa  0,!JV  (CH,),NJ:  2  — Bonn. 

U-ancTBac7Jik(>aiiaaaMKlia2,3mAf/a;i--3,  Sner/.x; 
4  ..4,3  BUtJJSi  t  —  1,Z  mM/Ji;  (  —  >3,4  ail /if 


Fee.  3.  rpaByapoBORHiJO  rp.':/.;!(n  ana 
paCTBOpOB  HOKOTOPMX  KiiC-lOTl 
opnuaB  i  — inaB4a«Ba)i  Hscuioxa:  »  — ^ra««- 
»aiii  4  —  aAioanoaaii;  4  —  7H07CBUi  4  —  bu> 
TpawuoBaa 


Pbc.  4.  PpanynpoDoiHui  rra>K  n.xn  Pbc.  5.  SaoncnwocTB  vok.tv  K0.x.V;i- 
^-an»TMacya^^|>aHBBawBa«  hb  ^h«  0,05VI^  UBObtobi  An^iiViaoiiHoro  tokb  u  iC 
(CH.).NJ  wu.  caaOwx  KBCJiOT  '  ‘ 


